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 Statement of Disclaimer 
 
Since this project is a result of a class assignment, it has been graded and accepted as 
fulfillment of the course requirements. Acceptance does not imply technical accuracy or 
reliability. Any use of information in this report is done at the risk of the user. These risks may 
include catastrophic failure of the device or infringement of patent or copyright laws. California 
Polytechnic State University at San Luis Obispo and its staff cannot be held liable for any use or 
misuse of the project.  
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 1.0 Executive Summary 
 
This document contains all information pertinent to the creation of the desired product 
and how the desired product fulfills the problem statement. This document clearly 
defines the customer requirements and how they relate to engineering specifications, 
metrics that will define the boundaries that the desired product must lie within. This 
document will then reveal all concepts that were considered during the design phase of 
this project and how those concepts were compared. This includes all quantitative 
parameters that provided a clear front-runner concept and the rationale for those 
parameters and the values and weight assigned to them.  
 
Then this document moves to the prototyping phase of the project. This includes safety 
considerations, the different iterations of the prototypes, and how the prototypes were 
tested. All the rationale for how the prototypes will be tested and why those tests are 
important are found in this document.  
 
At the end of this document is a list of many useful tools that aided in the completion of 
this project. These include the budget, the project plan, the resources, the FMEA, the 
design history file, and more. 
 
2.0 Introduction and Background 
 
This project is focused on creating a new non-invasive method to inform the user of their 
potential risk of heat stress. The stakeholders of this project are Dr. Whitt, Dr. Heylman, 
and Dr. Handy. The following document contains background of the problem and 
existing solutions, objectives for this project, project management plan, and a conclusion 
with references and appendices. 
 
Methods for considering heat stress risk for individuals include the wet bulb globe 
temperature (WBGT) meter, which is not a physiological measurement, but based on the 
temperatures of a wet bulb, a dry bulb, and a black bulb. (Di Nardi, 2003). This is useful 
for giving a general risk assessment for a population, but not for diagnosing individual 
cases, as the same temperatures outside does not cause heat stroke for everyone. Heat 
stroke occurs in a patient when their core body temperature rises to approximately 40ºC. 
 
Current methods for diagnosing heat stress revolve around attempting to record the core 
body temperature of the patient directly. In diagnosing heat stroke, the method doctors 
generally use to diagnose heatstroke is by using a rectal thermometer. This method is 
considered extremely invasive, and not practical for day to day monitoring of heat stress 
and heat stroke. Other methods of diagnosing heat stroke include taking a blood test to 
search for proteins that indicate damage to organs and the central nervous system. This 
works to diagnose the damage but does not prevent injury to the patient.  
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 Our device plans to non-invasively measure physiological and environmental metrics 
that correlate to core body temperature. These metrics will be relative humidity, ambient 
temperature, skin temperature and heart rate. This will allow the device to preventatively 
determine if the individual is at risk of heat stress by estimating core body temperature 
through these metrics. 
 
There are no other similar products on the market available to the public that serve the 
same function. The products that do serve the same function, like rectal thermometers, 
are invasive and do not collect data constantly. Devices exist, such as pulse oximeters, 
to collect data in the same way as our device but they don’t serve the same purpose of 
correlating them with core body temperature to determine the level of heat stress risk. 
There are wearable devices such as FitBits that are wearable on the wrist and take 
physiological measurements much like our device, but they don’t estimate core body 
temperature which can be used to determine heat stress. 
 
3.0 Customer Requirements and Design Specifications 
 
3.1 IFU 
 
This heat stress identifier device can be used by anyone in order to determine if an 
individual is at risk of heat stress by constantly monitoring their risk level. The device will 
be able to noninvasively measure heart rate, ambient temperature, skin temperature, 
and relative humidity. These measurements are correlated to core body temperature 
using a mathematical model. 
The indications of an elevated core body temperature can be used as an initial screening 
device to determine if individuals have potential of heat stress and require immediate 
professional medical attention. This device will be worn on the wrist and is only used to 
identify potential risk of heat stress, not diagnose it. 
This device is indicated for use on all individuals whom have been experiencing 
prolonged heat exposure or physical exertion in high temperatures. Those typically 
susceptible to heat stroke are individuals over 65 years old and individuals participating 
in physical activities in high temperatures, such as football players or military personnel. 
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3.2 Product Design Specifications 
 
 
Customer 
Requirements 
Engineering 
Specifications 
Reasoning Testing 
Non-Invasive Class II Medical 
Device 
Substantial 
Equivalent to 
technology used in 
device  
ie. Pulse Oximeter  
Product 
Classification:  
https://www.access
data.fda.gov/script 
s/cdrh/cfdocs/cfpcd/
classification.cfm 
Portable Weight is less than 
2 lbs 
Most users won’t 
be restricted in 
movement 
Weigh the device 
with a scale 
Measure 
physiological 
parameters to 
determine core 
body temperature 
Output in degrees 
C 
Core body 
temperature is 
critical to identifying 
heat stress 
Compare 
temperature 
measured with the 
device with a direct 
core body 
temperature 
measurement 
Comfortable Weight is less than 
2 lbs 
Device will be worn 
for extended 
periods of time 
Place the device on 
a scale 
Low Cost Less than $30 per 
unit to manufacture 
Reduce the market 
price to increase 
sales 
Record how much 
each material costs 
Accurate Risk 
Assessment 
Core Body Temp 
estimation is +/- 
10% accurate  
Inaccurate 
assessment would 
leave a user at risk 
of unknowingly 
undergoing heat 
stress 
Compare 
temperature 
measured with the 
device with a direct 
core body 
temperature 
measurement 
Easy to Use No user interaction 
or input required 
Ease of use 
increases 
Don’t add a user 
interface 
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3.3 House of Quality 
 
Room 1, 2, and 4:  
Customer Requirements, Engineering Metrics, and Relationship Matrix: 
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Room 5: Importance Ranking 
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Room 6: Customer Assessment of Competing Products 
 
This chart compares three competing products to see how well they fulfill the customer 
requirements stated in Room 1. They are ranked on a scale of 1, 3, or 5 where 1 is “it 
does not fulfill the criteria well” and 5 is “it fulfills the criteria very well”. 
 
 
4.0 Stage Gate Process 
 
4.1 Concept Review 
 
The Heat Stress Identification Device project originally had three concepts as described 
below. These concept designs were based off the metrics of measuring the oxygen and 
carbon dioxide concentration levels in the blood. The measurements the device records 
were later changed to the current design of skin temperature, heart rate, relative 
humidity, and ambient temperature. The change in metrics changed the design concept 
after the front runner of these three concepts was chosen. 
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Concept 1:​ Earpiece: A small device to fit within the ear. The device will measure the 
user’s core body temperature via infrared radiation data obtained by a thermopile. The 
device will then give an audio signal when the core body temperature is rising too high. 
 
Figure 1: Earpiece Concept 1 
 
Concept 2:​ Wrist-Only Device: A small device attached to the bottom of the wrist via a 
wristband with a display screen on the top of the wrist. The device will measure blood 
oxygen and carbon dioxide saturation levels which correlate with core body temperature 
via a mathematical model. Measurements will be taken via a pulse sensor and analyzed 
and processed with a microcontroller. The device will give an audio and visual signal 
when core body temperature reaches dangerous levels. 
11 
  
Figure 2: Wristband Concept 2 
 
Concept 3:​ Wrist and Glove Device: A device attached to a glove with an LED light on 
the wrist and a pulse sensor measurement site on the tip of the user’s finger. The device 
will measure blood oxygen and carbon dioxide saturation levels via a mathematical 
model. The device will give a visual signal with the LED when core body temperature 
reaches dangerous levels. 
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Figure 3: Wristband and Glove Concept 3 
 
DATUM: The datum for picking our concept frontrunner was patent # 10104458; an 
enhanced biometric control system for detection of emergency events system and 
method. 
 
Front-Runner 
The concept front-runner was concept 3 as decided through the pugh chart shown in 
Appendix E. The glove concept was mainly chosen due to the location of the pulse 
oximeter at the fingertip. This would allow for less motion artifact and a more accurate 
reading. The glove component would also allow for more protection of the components 
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 and sensors for more durability. It was also chosen because a pulse oximeter device 
was needed to measure saturation levels of the individual. 
 
Front-Runner Change 
The measurements of blood oxygen and carbon dioxide saturation levels was 
determined to not vary enough to measure accurate changes in core body temperature. 
The metrics of the device changed to skin temperature, heart rate, ambient temperature, 
and relative humidity to calculate core body temperature. These will be taken via a pulse 
sensor, DHT11 Temperature and Humidity Sensor, and a thermistor and analyzed and 
processed with a microcontroller.  
 
Since the device no longer need a pulse oximeter and just need a pulse sensor, the 
concept design was changed to just the wristband device. This would house all the 
sensors needed for the measurements, including the battery, microcontroller, and printed 
circuit board (PCB).  
 
4.2 Design Freeze 
 
The final design for this project is a housing unit that will enclose the DHT11 sensor, 
thermistor, pulse sensor, LED, microcontroller, and printed circuit board. The sensors, 
LED, and microcontroller are shown in Figure 4. The exploded view of the components 
with the housing unit is shown in Figure 5. The housing unit drawings with corresponding 
dimensions can be found in Figure 6 and Figure 7. This housing unit will be held to the 
wrist with a velcro band.  
 
 
Figure 4: Sensors, LED, and Microcontroller 
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Figure 5: Exploded view of housing assembly and components. 
 
 
Figure 6: Bottom Housing Unit Drawing 
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Figure 7: Top Housing Unit Drawing 
 
The final design needs a printed circuit board (PCB) to act as the wiring between all of 
the components and to connect to the microcontroller. This wiring schematic is shown in 
Figure 8 in Eagle and was submitted to OshPark to manufacture the PCB’s shown in 
Figure 9. The three sensors, LED, resistors, battery source, and microcontroller are all 
soldered and connected to the PCB. 
 
            
Figure 8: Eagle circuit schematic.            Figure 9: Printed Circuit Board 
 
4.3 Design Review 
 
During the design review, the design was critiqued to ensure the validity of the rationale 
behind the design decisions. One of the most important critiques of the design was 
whether or not the device would be able to get accurate readings with all of the sensors 
located in the housing unit on the wrist, as opposed to having the pulse sensor located 
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 at the fingertip. With the device potentially being used by athletes and/or military 
personnel, it was necessary for the device to be as compact as possible, and each 
individual sensor would be tested for accuracy to guarantee accurate measurements. 
 
5.0 Description of Final Prototype Design 
 
5.1 Overview 
 
The final prototype will be a wristband attached to a rectangular housing unit. Within the 
housing unit, the PCB, batteries, microcontroller, LED, and measurement sensors are all 
attached. The three sensors’, the DHT11 (ambient temperature and relative humidity 
sensor), the thermistor (skin temperature sensor), and the pulse sensor (heart rate 
sensor) data is sent to the inputs of the microcontroller (through the PCB) to be put 
through the mathematical model. Once the mathematical model estimates a value for 
core body temperature, the microcontroller evaluates whether or not the estimated value 
is greater than 38.5ºC, and if so, will signal the red LED to turn on. The system runs 
through the evaluation of the individual’s core body temperature once every 500 ms. 
 
5.2 Design Justification  
 
The mathematical model requires the measurements of heart rate, skin temperature, 
ambient temperature, and relative humidity. In order to take those measurements, we 
need a pulse sensor to measure heart rate, a thermistor to measure skin temperature, 
and a DHT11 sensor to measure ambient temperature and relative humidity. The device 
also needs a microcontroller to perform the estimation calculations of core body 
temperature and a PCB to connect the sensors to the microcontroller. As this is an 
electronic device, two 3V batteries must be placed in a battery holder and attached to 
the 5V microcontroller to keep it powered. Finally, the red LED must be attached to the 
output of the microcontroller, so the user can be warned when they are at risk of 
undergoing heat stress. All of the sensors, circuits, wires, and batteries fit within a 
housing unit that will fit onto the wrist, so a glove is not necessary. 
 
5.3 Analysis 
 
The design will be analyzed by performing multiple statistical analyses on the individual 
sensors, and the device as a whole. Each sensor will be tested for accuracy by 
comparing their measurements to those of a similar, store bought device that will be 
considered the datum. The two data sets will be compared using one-way ANOVA and 
calculating the percent error of the means to determine if the store-bought devices and 
the design’s devices are not significantly different and fall within the stated specifications. 
The functionality of the output LED will also be tested with a pass/fail test checking to 
see if the LED turns on when the device reads a core body temperature of 38.5ºC or 
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 higher. More detailed protocols, raw data, and statistical analyses can be found in 
Section 7.2 Verification and Validation. 
 
5.4 Cost Breakdown 
 
Item Description ASIN/Product 
Number 
Vendor Unit Quantity Cost URL 
Pulse Sensor B01CPP4QM0  Amazon EA 1 $24.89 https://amzn
.to/2XB7VH
g  
DHT11 386 Adafruit EA 1 $5.00 https://bit.ly/
2IPzhWw  
Thermistor 192-103LET-A
01 
 
TTI 2  1 unit (2 
thermistors) 
$2.75 https://bit.ly/
2SEYToB  
Red LED VAOL-3LAE2-
ND  
DigiKey EA 1 $0.48 https://bit.ly/
2TcCjJr  
10 kOhm ¼ 
Watt Resistor 
NTE-QW310 Vetco 
Electronics 
EA 2 $0.58 https://bit.ly/
2SDuUh9  
Batteries B071D4DKTZ Amazon 5 1 $6.99 https://amzn
.to/2C1mnil  
Battery Holder 1528-1456-ND  DigiKey EA 1 $1.95 https://bit.ly/
2VzvZs5  
Printed Circuit 
Board 
Custom (use 
provided Eagle 
file) 
OshPark 3 1 $5.00 https://oshp
ark.com/  
Arduino Nano 
5V 
Microcontroller 
A000005 Arduino EA 1 $22.00 https://bit.ly/
2vWhztC  
Housing Unit Custom (use 
provided 
SolidWorks file) 
Protolabs EA 1 $210  https://bit.ly/
2EuKTc4  
Wrist Strap B01JFQDTRK  Amazon 16 1 $7.99 https://amzn
.to/2NHYkK
8  
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 5.5 Safety Considerations 
 
Most of the safety considerations for the prototype are electrical considerations as 
shown in the FMEA and Hazard Risk Assessment in Appendix D. 
 
Electrical Safety Considerations: 
● When working with live circuits, all participants will comply with safety regulations 
and wear electrically insulating gloves. 
● Ensure all components have a secure connection and perform an electrical test 
on the components prior to use of the device to ensure there will not be any faulty 
readings or measurements. 
● Test the accuracy of the sensors. 
Mechanical Safety Considerations: 
● All participants will follow proper safety procedures and only operate machinery 
they have been trained to use. 
Testing Safety Considerations 
● All participants will follow proper safety procedures and only operate machinery 
they have been trained to use. 
Study Safety Considerations: 
● All collected data will not be connected to the subject’s personal identification 
information. This allows the anonymity of the subject. 
● All equipment used to collect data on the subject will be sanitized before and 
after use. 
● All data collected from the study will be stored in an excel document that will only 
be accessible to the researchers. 
 
6.0 Prototype Development 
 
6.1 Model Analyses 
 
The following mathematical model in Figure 10 is used to estimate core body 
temperature from non-invasive measurements. This model was found in the 
peer-reviewed journal article “Individualized estimation of human core body temperature 
using noninvasive measurements” in the Journal of Applied Physiology. The following 
are the variables from the model: 
HR is heart rate,  is core body temperature,  is skin temperature,  isT c T s T a  
ambient temperature,  is the vapor pressure of the skin,  is the vaporP s P a  
pressure of the ambient environment, and t is time. Both  and areP s P a  
calculated using the Antoine Equation.  also uses the Rothfusz Equation toP a  
calculate the heat index. 
The following are the constants from the model: 
19 
 is the thermoregulatory constant of core body temperature, is the rate ofα2 α3  
convective heat transfer from the skin to the environment,  is the rate of heatα4  
loss to the environment because of sweat evaporation, is the rate of heat gainγ1  
due to metabolic activity, is the rate of heat transfer from the core to the skin,γ2  
and is the sigmoid function to reduce heat gain to zero when the change(ΔHR)S  
in heart rate from the resting value is negative. All of these values are considered 
to be constant values in the mathematical model.  
 
Core body temperature is calculated from this model through internal equations, other 
values which are measured, and known constants.  This model correlates the 
physiological and environmental factors described to core body temperature.  
 
 
Figure 10: Mathematical model to calculate core body temperature. 
 
6.2 Evolution of Prototypes 
 
Breadboard Prototype 
This prototype was built using the three sensors (DHT11 sensor, pulse sensor, and 
thermistor), two resistors, and the LED onto a breadboard. The breadboard was 
connected to an Arduino Uno microcontroller and powered using a computer. The code 
from Appendix I was programmed onto the Arduino Microcontroller and could be run to 
output the core body temperature. This prototype was used to help debug the written 
code. 
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Figure 11: Assembled Breadboard Prototype  
 
Adafruit Trinket 5V Microcontroller Prototype 
This prototype was made using a printed circuit board (PCB) with the circuit layout 
equivalent to that use on the breadboard prototype. The PCB was connected to an 
Adafruit Trinket 5V Microcontroller which replaced the Arduino Uno Microcontroller as 
shown in Figure 12 and 13. The code was then attempted to be programmed onto the 
microcontroller but the Trinket 5V did not have enough storage available to 
accommodate the length of the code. Due to this, a new microcontroller was needed. 
 
 
     Figure 12: Adafruit Trinket 5V Microcontroller.     Figure 13: Microcontroller connected to 
PCB 
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Arduino Nano Prototype 
This prototype was made using the same PCB with the circuit layout equivalent to that 
use on the breadboard prototype. An Arduino Nano microcontroller was used to replace 
the Adafruit Trinket 5V Microcontroller. This microcontroller had greater storage capacity 
and the code programmed onto the microcontroller successfully. This microcontroller 
had different dimensions than the Adafruit Trinket and therefore the pins did not line up 
with the PCB as seen with the previous prototype in Figure 13. Wires were needed to 
connect the microcontroller to the PCB as shown in Figure 14. The thermistor, DHT11 
sensor, pulse sensor, and LED were all soldered onto the PCB as shown in Figure 15. 
 
 
Figure 14: Arduino Uno Microcontroller.     Figure 15: PCB with connected components 
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6.3 Manufacturing Process 
 
 
Step Description Picture 
Step 1 Take the PCB and the three 10K ohm 
resistors and solder the resistors to 
the places described by the PCB. 
Each of the resistors should be on the 
same side of the PCB. 
 
 
 
Step 2 Prepare the male headers by 
counting 4 pins plus one and use 
pliers to pull out this additional pin. 
Use wire cutter to cut through the slot 
of where that pin was before. Repeat 
this process so two sets of male 
headers are ready. 
23 
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 Step 3 Install the male headers on the side 
reverse of the resistors on the PCB. 
Then flip the PCB back over and 
solder the male headers into place. 
 
Step 4 Prepare the female headers by 
counting the number of pins needed 
plus one and pull out that pin with 
pliers. Cut through the space left 
behind, like with the male headers. 
Do this for two 2-pin headers, one 
3-pin header, and one 4-pin header.  
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Step 5 Install the female headers on the PCB 
on the same side as the resistors and 
opposite of that of the male headers. 
Flip the PCB and solder the female 
headers into place. Be careful as to 
not melt the plastic components 
already in place with your soldering 
iron. 
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Step 6 Take the microcontroller, and, in the 
correct orientation, install it on the 
male header pins. Then solder the 
microcontroller in place, taking care to 
not overheat or melt any components. 
 
 
Step 7 Take the battery pack, strip the 
connecting wires and tin them. This 
makes it easier to solder to the board. 
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 Step 8 Solder the battery pack wires to the 
correct pins. 
 
Step 9 Connect the microcontroller to the 
computer using a Type A/miniB cord, 
and upload the attached Arduino 
code in Appendix I 
 
Step 10 Install the DHT-11, thermistor, heart 
rate monitor, and LED in the 
appropriate female headers on the 
PCB. 
28 
  
Step 11 Move the electronics inside of the 
housing, and then seal the housing 
with tape on the two sides without 
brackets for the velcro strap. 
 
29 
 Step 12 Attach the velcro wrist strap to the 
housing by wrapping it through each 
end of the brackets. 
 
 
 
6.4 Divergence Between Final Design and Final Functional Prototype 
 
MPI 
Step(s) 
Deviations from MPI Completed By Signature Date 
1 Initially used a 100 kOhm resistor 
before switching back to a 10 kOhm 
resistor 
Nate Nyberg Nate Nyberg  2/9/19 
2 N/A Nate Nyberg Nate Nyberg  2/9/19 
3 N/A Zach Miller Zachary Miller  2/9/19 
4 N/A Nate Nyberg Nate Nyberg  2/16/1
9 
5 N/A Zach Miller Zachary Miller  2/16/1
9 
6 The small Adafruit Trinket 
microcontroller didn’t have enough 
storage for our code, so a larger 
Arduino Nano microcontroller was 
used. The PCB was not designed to 
fit the pins on the larger 
microcontroller, so wires were used to 
connect the PCB to the 
microcontroller. 
Nate Nyberg Nate Nyberg  2/23/1
9 
7 N/A Zach Miller Zachary Miller  2/23/1
9 
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 8 N/A Nate Nyberg Nate Nyberg  2/23/1
9 
9 N/A Christina Santini Christina Santini  2/24/1
9 
10 N/A Nate Nyberg Nate Nyberg  3/2/19 
11 Due to extra material from the 3D 
printer the holes for the thermistor and 
the pulse sensor needed to be 
widened by a drill press. Due to the 
wires connecting the PCB to the 
microcontroller, the housing unit did 
not close all the way and could not be 
sealed with tape. 
Zach Miller Zachary Miller  3/3/19 
12 N/A Christina Santini Christina Santini  3/3/19 
 
7.0 IQ/OQ 
 
7.1 DOE 
 
Engineering 
Metric 
Specification Test Method Test 
Apparatus 
Location 
Apparatus 
Training 
Sample 
Size 
Power 
Heart Rate 
Accuracy 
P > 0.05 
%Error < 10% 
One-Way 
ANOVA and 
%Error of 
Means 
BMED 329 
Lab 
None 
Required 
16 
subjects, 
30 data 
points 
each 
0.8 
Skin 
Temperature 
Accuracy 
P > 0.05 
%Error < 10% 
One-Way 
ANOVA and 
%Error of 
Means 
BMED 328 
(for hot plate 
and freezer) 
None 
Required 
108 0.85 
Ambient 
Temperature 
Accuracy 
P > 0.05 
%Error < 10% 
One-Way 
ANOVA and 
%Error of 
Means 
BMED 329 
Lab 
None 
Required 
108 0.85 
Relative 
Humidity 
Accuracy 
P > 0.05 
%Error < 10% 
One-Way 
ANOVA and 
%Error of 
BMED 329 
Lab 
None 
Required 
108 0.85 
31 
 Means 
LED Output 
Functionality 
100% Pass 
Rate 
Pass/Fail BMED 329 
Lab 
None 
Required 
35 0.9 
Core Body 
Temperature 
Accuracy 
P > 0.05 
%Error < 10% 
One-Way 
ANOVA and 
%Error of 
Means 
BMED 329 
Lab 
None 
Required 
16 
subjects, 
30 data 
points 
each 
0.8 
 
7.2 Verification and Validation 
 
All testing materials can be found in Appendix G. This includes the pulse sensor, infrared 
thermometer, tympanic thermometer, Wet Bulb Globe Temperature (WBGT) meter, 
medical tape, and lens filters, and type A/microB cable to run the code in Appendix I on 
the microcontroller. 
 
Test #1 Part A-D:​ ​Accuracy of sensor measurements. (Thermistor, Ambient 
Temperature, Humidity, and Pulse Sensor) 
 
Test A: ​Accuracy of thermistor measurements. 
 
Purpose: ​The purpose of this test is to determine that the temperature 
measurements from the thermistor in the device are accurate to the actual 
temperature being measured. 
Equipment:  
- The built thermistor circuit connected to the microcontroller (thermistor, 10KΩ 
resistor, wires, the pre-programmed microcontroller)  
- A calibrated infrared thermometer  
- A piece of steel (a kitchen pan in this test) will be used as temperature control.  
- Ice water bath, and heated water bath will be used to alter the temperature of 
the steel.  
- The arduino software will be used to read out the measured data from the 
thermistor circuit.  
- Surgical tape will be used to secure the thermistor onto the piece of metal.  
- Minitab will be used to analyze the data to determine if there is a significant 
difference between the experimental value and the control temperature values. 
 
Sample Size: ​108 data points. 36 data points at 3 different temperatures 
 
Test Protocol Steps: 
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 Step Description Picture 
1 Place the thermistor on the piece of 
steel after it has been sitting at room 
temperature for at least 5 minutes. 
Secure the thermistor down using 
surgical tape. The thermistor needs to 
remain in contact with the metal for 
the whole test.  
 
2 An infrared thermometer beam will be 
placed to measure the temperature of 
the steel within 0.5” of the thermistor. 
This close proximity will allow for both 
to be reading the same temperature 
of the steel. 
 
3 Connect the microcontroller to the 
computer. Upload the arduino code 
for outputting the ambient 
temperature from the thermistor found 
in Appendix J to the microcontroller 
by going to Sketch>Upload. Make 
sure the code outputs the 
temperature every 5 seconds. 
 
33 
 4 Start recording the temperature of the 
steel via the infrared thermometer by 
holding the trigger on the infrared 
thermometer. Also begin recording 
the temperature from the thermistor 
through the arduino software by 
selecting Tools>Serial Monitor. 
 
 
34 
 5 Record the temperature 
simultaneously off of the infrared 
thermometer screen and the 
outputted arduino temperature. 
Continuously record the data every 5 
seconds for a total of 3 minutes. This 
will result in a total of 36 data points 
for each the thermistor and infrared 
thermometer.  
 
6 Place steel in freezer for 10 minutes 
until the temperature decreases to or 
below 10ºC. Repeat steps 1-5 for the 
steel below room temperature. 
 
7 Heat up the steel using a hot plate 
until the metal is at approximately 
35ºC. Repeat steps 1-5 for the steel 
above room temperature. 
 
 
Statistical Analysis: 
The data was taken simultaneously from each device. A One-Way ANOVA 
analysis was run on the two sets of data for each subject, the experimental 
thermistor data and controlled temperature data. The ANOVA compared each 
data point from each device at the same instant at time. This was because each 
device in theory should be measuring the same value. This test would determine 
if the experimental sensor was accurate and measuring the same value as the 
35 
 infrared thermometer. The ANOVA was run with the null hypothesis that there is 
not a difference between the two data sets. A p-value from the ANOVA with a 
value greater than 0.05 means the data sets are not significantly different. This 
results in the pulse sensor having accurate measurements. Raw data found in 
Appendix K. 
 
Mean Thermistor Mean IR Thermometer % Error 
22.0447407 22.31018519 1.19% 
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 Figure 16: ANOVA Results from Thermistor test P-value=0.842 
 
 
Figure 17: Interval plot of thermistor test.  
 
Test B: ​Accuracy of humidity measurements. 
 
Purpose: ​The purpose of this test was to determine that the humidity 
measurements from the device are accurate to the actual humidity in real time. 
Equipment:  
-The built humidity circuit connected and coded to the microcontroller (DHT11 
Temperature and Humidity Sensor, a resistor, wires, the microcontroller, and 
arduino program) 
- A Heat Stress WBGT (Wet Bulb Globe Temperature) Meter 
- The arduino program will be used to read out the measured data from the 
humidity circuit.  
- Minitab was used to analyze the data to determine if there is a significant 
difference between the experimental values and the control humidity values. 
Location: ​These tests were performed in the EE student project lab (20-111) 
Sample Size: ​300 data points 
 
Test Protocol Steps: 
 
Step Description Picture 
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 1 Connect the microcontroller to the 
computer. Upload the arduino code 
for outputting the DHT11 sensor 
readings found in Appendix J to the 
microcontroller by going to 
Sketch>Upload. Make sure the code 
outputs the humidity every 5 seconds. 
 
2 Turn on the WBGT meter and ensure 
it is reading relative humidity. 
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 3 Place the WBGT meter within 6 
inches of the DHT11 sensor. 
 
4 Start recording the relative humidity 
from the DHT11 sensor through the 
arduino software by selecting 
Tools>Serial Monitor. 
 
5 Record the relative humidity 
simultaneously off of the WBGT 
meter screen and the outputted 
arduino humidity. Continuously record 
the data every 5 seconds for a total of 
3 minutes. This will result in a total of 
36 data points for each the DHT11 
sensor and WBGT meter. 
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 6 Repeat steps 1-5 at different relative 
humidities for more data points. 
 
 
Statistical Analysis: 
The data was taken simultaneously from each device. A One-Way ANOVA 
analysis was run on the two sets of data for each subject, the experimental 
humidity sensor data and controlled WBGT meter data. The ANOVA compared 
each data point from each device at the same instant at time. This was because 
each device in theory should be measuring the same value. This test would 
determine if the experimental sensor was accurate and measuring the same 
value as the WBGT meter. The ANOVA was run with the null hypothesis that 
there is not a difference between the two data sets. A p-value from the ANOVA 
with a value greater than 0.05 means the data sets are not significantly different. 
This results in the pulse sensor having accurate measurements. Raw data found 
in Appendix K. 
 
 
 Mean DHT11 Mean WGBT %Error 
Raw 67.56333333 57.81766667 -16.86% 
Processed (with 
correction factor) 
60.40162 57.81766667 -4.47% 
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Figure 18: ANOVA results from the DHT11 humidity data P-value=0.000 
 
 
Figure 19: Interval plot of DHT11 raw data and WBGT. 
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Figure 19: ANOVA test of processed relative humidity data with a P-value=0.082 
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Figure 20: Interval plot of DHT11 relative humidity compared to WBGT 
 
 
Test C: ​Accuracy of ambient temperature measurements. 
 
Purpose: ​The purpose of this test was to determine that the ambient 
temperature measurements from the device are accurate to the actual 
temperature. 
Equipment:  
-The built ambient temperature circuit connected and coded to the microcontroller 
(DHT11 Temperature and Humidity Sensor, a resistor, wires, the microcontroller, 
and arduino program) 
- A Heat Stress WBGT (Wet Bulb Globe Temperature) Meter 
- The arduino program will be used to read out the measured data from the 
humidity circuit.  
- Minitab will be used to analyze the data to determine if there is a significant 
difference between the experimental values and the control humidity values. 
Location: ​These tests will be performed in the EE student project lab (20-111) 
Sample Size: ​266 
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 Test Protocol Steps: 
 
Step Description Picture 
1 Connect the microcontroller to the 
computer. Upload the arduino code 
for outputting the DHT11 sensor 
readings found in Appendix J to the 
microcontroller by going to 
Sketch>Upload. Make sure the code 
outputs the ambient temperature 
every 5 seconds. 
 
2 Turn on the WBGT meter and ensure 
it is reading ambient temperature in 
ºC. 
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 3 Place the WBGT meter within 6 
inches of the DHT11 sensor. 
 
4 Start recording the ambient 
temperature from the DHT11 sensor 
through the arduino software by 
selecting Tools>Serial Monitor. 
 
5 Record the ambient temperature 
simultaneously off of the WBGT 
meter screen and the outputted 
arduino ambient temperature. 
Continuously record the data every 5 
seconds for a total of 3 minutes. This 
will result in a total of 36 data points 
for each the DHT11 sensor and 
WBGT meter.  
6 Repeat steps 1-5 at different ambient 
temperatures for more data points. 
 
 
Statistical Analysis: 
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 The data was taken simultaneously from each device. A One-Way ANOVA 
analysis was run on the two sets of data for each subject, the experimental 
ambient temperature DHT11 sensor data and controlled WBGT meter data. The 
ANOVA compared each data point from each device at the same instant at time. 
This was because each device in theory should be measuring the same value. 
This test would determine if the experimental sensor was accurate and 
measuring the same value as the WBGT meter. The ANOVA was run with the 
null hypothesis that there is not a difference between the two data sets. A p-value 
from the ANOVA with a value greater than 0.05 means the data sets are not 
significantly different. This results in the pulse sensor having accurate 
measurements. Raw data found in Appendix K. 
 
Mean Ambient 
Temperature (DHT11) 
Mean Ambient 
Temperature (WBGT) 
% Error 
15.56804511 16.00827068 2.75% 
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Figure 21: ANOVA test of DHT11 temperature with a P-value=0.079 
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 Figure 22: Interval plot of DHT11 temperature and WBGT 
 
Test D: ​Accuracy of pulse sensor measurements. 
 
Purpose: ​The purpose of this test was to determine that the heart rate 
measurements from the pulse sensor from the device are accurate to the actual 
heart rate in real time. 
Equipment:  
- The built pulse sensor circuit connected and coded to the microcontroller (pulse 
sensor, wires, the microcontroller, and arduino program to program)  
- Surgical tape will be used to secure the pulse sensor to the subject.  
- A finger pulse oximeter will be used to measure the heart rate.  
- Antibacterial wipes to clean equipment. 
- The arduino program will be used to read out the measured data from the pulse 
sensor circuit.  
- Minitab was used to analyze the data to determine if there is a significant 
difference between the experimental values and the control heart rate values. 
Location: ​These tests was performed in the in BMED 455 classroom 329 
Sample Size: ​test on 16 subjects with 10 data points for each subject. 
 
Test Protocol Steps: 
 
Step Description Picture 
1 Connect the microcontroller to the 
computer. Upload the arduino code 
for outputting the pulse sensor 
readings found in Appendix J to the 
microcontroller by going to 
Sketch>Upload.  
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 2 Clean off the pulse oximeter with 
antibacterial wipes before use. Place 
the pulse oximeter on the subject’s 
right index finger. 
 
3 Clean the pulse sensor with 
antibacterial wipes before use. Place 
the pulse sensor on the top of the 
subjects left wrist approximately an 
inch back from the wrist bone. Secure 
in place with surgical tape. 
 
4 Start recording the subjects heart rate 
from the pulse sensor through the 
arduino software by selecting 
Tools>Serial Monitor. 
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 5 Record the heart rate simultaneously 
off of the pulse oximeter screen and 
the outputted arduino heart rate. 
Continuously record the data every 
10 seconds for a total of 3 minutes. 
This will result in a total of 18 data 
points for each the pulse sensor and 
pulse oximeter. 
 
6 Repeat steps 1-5 for each subject. 
 
 
 
Statistical Analysis: 
The data was taken simultaneously from each device. A One-Way ANOVA 
analysis was run on the two sets of data for each subject, the experimental pulse 
sensor data and controlled pulse oximeter data. The ANOVA compared each 
data point from each device at the same instant at time. This was because each 
device in theory should be measuring the same value. This test would determine 
if the experimental sensor was accurate and measuring the same value as the 
pulse oximeter. The ANOVA was run with the null hypothesis that there is not a 
difference between the two data sets. A p-value from the ANOVA with a value 
greater than 0.05 means the data sets are not significantly different. This results 
in the pulse sensor having accurate measurements. Raw data found in Appendix 
K. 
 
Mean Pulse Oximeter Mean Pulse Sensor % Error 
90.385 116.95 29.3% 
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Figure 23: ANOVA test of pulse sensor with a P-value=0.00 
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Figure 24: Interval plot of pulse sensor and pulse oximeter 
 
Test #2:​ ​Accuracy of arduino code to determine core body temperature for sensor 
measurements. 
 
Purpose: ​The purpose of this test was to determine that the core body temperature 
output from the heat stress device code is accurate compared to the actual core body 
temperature of the subject. 
Equipment:  
- ​The built heat stress device circuit which includes (a thermistor circuit, humidity circuit, 
and pulse sensor circuit connected to a microcontroller) This microcontroller was 
encoded with the mathematical model and constants needed to calculate core body 
temperature.  
- Surgical tape will be used to secure the pulse sensor and thermistor to the subject.  
- A tympanic thermometer will be used to measure the actual core body temperature of 
the subject.  
- The arduino program will be used to read out the calculated core body temperature 
from the device.  
- Minitab will be used to analyze the data to determine if there is a significant difference 
between the experimental values and the control core body temperature values. 
Location: ​These tests will be performed in the BMED 455 classroom 329 
Sample Size: ​16 test subjects 
 
Test Protocol Steps: 
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 Step Description Picture 
1 Connect the microcontroller to the 
computer. Upload the arduino code 
for outputting the core body 
temperature found in Appendix I to 
the microcontroller by going to 
Sketch>Upload. 
 
2 Clean the pulse sensor and thermistor 
with antibacterial wipes before use on 
the test subject. Replace the lens filter 
on the tympanic thermometer before 
use on the test subject. 
 
3 Place the pulse sensor and thermistor 
on the top of the wrist and secure with 
surgical tape. These need to remain 
in contact with the body for the 
duration of the test. It should be 
placed approximately at the smallest 
circumference of the wrist. Test 
subjects will be sitting and rest both 
arms/hands on a table in front of 
them.  
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 4 Start recording running the code 
through the arduino software by 
selecting Tools>Serial Monitor and 
then clear output.  
 
5 Time the subject sitting with the 
device on their wrist for 2 minutes for 
the program to measure the subject’s 
initial heart rate and skin temperature 
data. 
At two minutes the core body 
temperature value will be outputted 
into the serial monitor. Record this 
value 
 
6 Simultaneously after 2 minutes, use 
the tympanic thermometer to measure 
the subjects core body temperature 
directly.  
 
7 Repeat steps 2-6 for each subject. 
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 Statistical Analysis: 
A One-Way ANOVA was run on the two sets of data for each subject, the calculated 
core body temperature data and controlled core body temperature data. The ANOVA will 
be run with the null hypothesis that there is not a difference between the two data sets. A 
p-value from the ANOVA with a value greater than 0.05 means the data sets are not 
significantly different. This results in the pulse sensor having accurate measurements. 
Raw data found in Appendix K. 
 
The data was taken simultaneously from each device. A One-Way ANOVA analysis was 
run on the two sets of data for each subject, the experimental heat stress device core 
body temperature data and controlled tympanic thermometer data. The ANOVA 
compared each data point from each device at the same instant at time. This was 
because each device in theory should be measuring the same value. This test would 
determine if the experimental device was accurate and measuring the same value as the 
tympanic thermometer. The ANOVA was run with the null hypothesis that there is not a 
difference between the two data sets. A p-value from the ANOVA with a value greater 
than 0.05 means the data sets are not significantly different. This results in the pulse 
sensor having accurate measurements. Raw data found in Appendix K. 
 
 
Mean CBT Device (C) Mean CBT Tympanic 
Thermometer (C) 
% Error 
235.4 36.825 539% 
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Figure 25: ANOVA test of heat stress device with a P-value=0.00 
 
Testing Results: 
The thermistor and DHT11 sensor passed the specifications of less than 10% error and 
p-value > 0.05. The thermistor for skin temperature had a percent error of 1.19% and a 
p-value of 0.842. The DHT11 sensor for ambient temperature had a percent error of 
2.75% and a p-value of 0.079. The DHT11 sensor for relative humidity had a percent 
error of 4.47% and a p-value of 0.082 after processing the data with a correction factor of 
0.894. 
The pulse sensor for heart rate did not pass the specifications with a percent error of 
29.39% and a p-value of 0.00. The core body temperature estimate of the device did not 
pass the specifications with a percent error of 539% and p-value of 0.00. 
 
8.0 Conclusions and Recommendations 
 
8.1 Recommendations 
 
The biggest recommendation from this project would be to use more accurate sensors 
for the measurement device. The pulse sensor used was not very accurate with 
approximately a 30% error (a likely cause for why the core body temperature estimations 
are so far off), and it also varied a lot based on threshold value chosen. The DHT11 
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 sensor is also fairly inaccurate specifically with the relative humidity since we needed a 
correction factor to allow for a percent error less than 10%.  
 
Also, the PCB needs be redesigned in order to fit with the current Arduino Nano 
microcontroller. THe current PCB was designed for the Adafruit Trinket microcontroller. 
Because of this, the PCB and microcontroller had to be connected via wires. Once the 
PCB is designed to the current Arduino Nano microcontroller, the two can be connected 
via pins. This will reduce the height of the hardware and it will more easily fit into the 
housing unit without risk of damaging the hardware. 
 
If there continues to be inaccuracies in the outputted core body temperature, the 
constant values in the mathematical model should be reviewed to determine if they are 
accurate and reliable values. A fuzzy filter could also be added to the outputted core 
body temperatures to produce more accurate values. 
 
8.2 Conclusions 
 
This device has the potential to determine and alert the individual if at risk of heat stress. 
At the current stage of the device, the pulse sensor and DHT11 sensor are not accurate 
enough to output an accurate estimation of core body temperature. The DHT11 humidity 
data had to be processed to pass the necessary specifications of percent error and 
p-value. The pulse sensor has a percent error of approximately 30% and did not give out 
consistent heart rate values. Also by redesigning the PCB, the hardware would fit in the 
housing unit and could be worn more easily on the wrist as designed. 
 
If the previous recommendations are followed through from section 8.1, the estimation of 
core body temperature should theoretically be more accurate than this current prototype. 
These changes in the sensors need to be made and tested first to determine if there is 
an increase in accuracy of core body temperature. 
 
This current prototype of the heat stress identification device is the first step to 
developing a device that can preventively determine and alert if an individual is at risk of 
heat stress. 
 
 
9.0 Acknowledgments 
 
We would like to thank Dr. Whitt and Dr. Handy, the sponsors of this project, for giving their 
guidance to our team throughout the course of this project. We would also like to thank Dr. 
Heylman for his advice when dealing with various roadblocks and challenges, and for his 
critiques on our design choices and rationale. The heat stress team also thanks Dr. Greever for 
his input during the brainstorming and concepts phase. And finally we wish to thank the 
57 
 participants of the human subject study used to test the pulse sensor accuracy and core body 
temperature accuracy.  
 
10.0 Appendices 
 
10.1 Appendix A: References 
 
“Battery Testing.” ​Battery and Energy Technologies​, ​www.mpoweruk.com/testing.htm​. 
Center for Devices and Radiological Health. “Classify Your Medical Device.” ​U S Food 
and Drug Administration Home Page​, Center for Devices and Radiological 
Health, 
www.fda.gov/medicaldevices/deviceregulationandguidance/overview/classifyyour
device/. 
Davis, Charles Patrick, and Jerry R Balentine. “What Is a Heat Stroke? Symptoms, Signs 
& Treatment.” ​EMedicineHealth​, WebMD, 
www.emedicinehealth.com/heat_stroke/article_em.htm#how_can_i_prevent_heat
_stroke. 
Di Nardi, S.R. (Ed.) (2003) The Occupational Environment: Its Evaluation, Control, and 
Management, 2nd ed., pp.612–644, AIHA Press, Fairfax, VA. 
“Heat Related Illness Picture of America Report.” Fact Sheet. Centers for Disease 
Control and Prevention. N.d. Web. 
https://www.cdc.gov/pictureofamerica/pdfs/picture_of_america_heat-related_illne
ss.pdf 
“Heatstroke.” ​Mayo Clinic​, Mayo Foundation for Medical Education and Research, 15 
Aug. 2017, 
www.mayoclinic.org/diseases-conditions/heat-stroke/symptoms-causes/syc-2035
3581​. 
 
10.2 Appendix B: Project Plan 
 
Fall Quarter PERT Chart: 
 
The Fall Quarter Project Plan is starting from the concept review presentation and 
finishes at the preliminary design freeze presentation. The main critical path for this 
quarter follows along the tasks of getting the IRB’s approval for a study, completing the 
study, and analyzing the data. With this data, a correlation and mathematical model can 
be developed and then a first generation physical prototype can be built. During this 
quarter, developing a mathematical model to correlate to core body temperature was 
originally in the scope of this project. Before our Design Freeze Presentation (#18) we 
discovered our mathematical model was not functional and began to change our design 
to utilize a model found from literature.  
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 Number Action Number Action 
1 Concept Review Presentation 10 Build Prototype 
2 Prototype Mathematical Model 11 Midpoint Project Report 
3 Finish Concept Review 
Presentation 
12 Model Analysis 
4 Submit IRB Proposal 13 Evolution of Prototypes 
5 IRB Proposal Approval 14 DHF 
6 Get Equipment for Study 15 Vendor Information 
7 Perform Study 16 Remaining Midpoint Report 
8 Data Analysis 17 Status Update Memo 
9 Build Mathematical Model 18 Preliminary Design Freeze 
Presentation 
 
 
Figure 26: Fall PERT Chart 
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 Winter Quarter PERT Chart: 
 
The Winter Quarter project plan includes manufacturing and testing plans. The top half 
of the PERT chart in Figure 23 includes the manufacturing plan and the bottom half 
includes the testing plans. The critical path depends on creating the code, coding the 
microcontroller, soldering the components to the PCB and microcontroller, and testing 
the accuracy of the core body temperature output. We faced setbacks receiving our 
microcontroller which pushed back these critical steps of 11,12, and 13. We also faced 
setbacks receiving IRB approval which pushed back the critical step of 20, testing the 
accuracy of the core body temperature output. 
 
Number Action Number Action 
1 Build Gen 1 Prototype Circuit 11 Program Microcontroller with 
Code 
2 Send Eagle File to be 
Outsourced/ Receive PCB 
12 Solder components to 
circuit/microcontroller 
3 Receive/Order all Material for 
Gen 2 Prototype 
13 Final Gen 2 Assembly 
4 Create Housing CAD 14 Receive/Order all Material for 
Testing 
5 3D Print Housing 15 Get IRB Approval (for 2 tests) 
6 Assemble Outer Casing/Strap 
of Gen 2 Prototype 
16 Test Pulse Sensor Accuracy 
7 Code Initial HR and Skin Temp 
Loop 
17 Test Relative Humidity 
Accuracy 
8 Code List of Constants and 
Tables 
18 Test Ambient Temperature 
Accuracy 
9 Code Mathematical Model 19 Test Thermistor Accuracy 
10 Code Output Sequence 20 Test Core Body Temperature 
Accuracy 
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Figure 27: Winter Manufacturing and Testing PERT Chart 
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 10.4 Appendix D: FMEA, Hazard & Risk Assessment 
 
FMEA: 
 
 
Hazard and Risk Assessment: 
 
Potential Hazards Steps Taken to Mitigate Risk 
Shock from battery source Wear gloves when dealing with live circuits 
Injury during soldering Follow workshop safety guidelines 
Contact with subjects during a study  Wash hands and use clean instruments to 
measure data 
 
 
 
 
 
 
 
 
 
 
 
 
62 
 10.5 Appendix E: Pugh Chart 
 
DATUM: Patent # 10104458. Enhanced biometric control systems for detection of 
emergency events system and method. 
 
Selection 
Criteria 
Biometric 
Earpiece 
Concept 1 Concept 2 Concept 3 
User 
Compliance 
DATUM S + - 
User comfort S + + 
Accurate 
readings 
S - + 
Water resistance - - + 
durability s + + 
weight s - - 
cost - - - 
Effect on patient 
dexterity 
s s - 
Battery Life S + + 
Total plusses 0 3 5 
Total Minuses 2 4 4 
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 10.6 Appendix F: Vendor Information, Specifications, and Data Sheets 
 
Our vendors include Digikey for electronic parts and Amazon for other materials. 
 
Manganese Lithium Coin Batteries (ML series): Individual Specifications and MSDS: 
● https://media.digikey.com/pdf/Data%20Sheets/Panasonic%20Inustrial/ML_Serie.
pdf 
Infrared Emitter Specifications 
● http://www.everlight.com/file/ProductFile/201407052112560322.pdf 
RMCF/RMCP Series (General Purpose Thick Film Standard Power 
and High Power Chip Resistor) Datasheet and Specifications 
● https://www.seielect.com/Catalog/SEI-RMCF_RMCP.pdf 
EFM32 Microcontroller Data Sheet and Specifications 
● https://www.silabs.com/documents/public/data-sheets/efm32tg-datasheet.pdf 
Chip Monolithic Ceramic Capacitor Data Sheet and Specifications 
● https://search.murata.co.jp/Ceramy/image/img/A01X/G101/ENG/GRM0335C1H1
00JA01-01.pdf 
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 10.7 Appendix G: Budget 
 
 
 
 
 
10.8 Appendix H: DHF 
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 10.9 Appendix I: Final Device Arduino Code 
 
#define USE_ARDUINO_INTERRUPTS true    // Set-up low-level interrupts for most accurate 
BPM math. 
#include <PulseSensorPlayground.h>     // Includes the PulseSensorPlayground Library.  
#include <dht.h> 
//#define TIM2_EN() (TIMSK2 = 0x02) 
//#define TIM2_DIS() (TIMSK2 = 0x00) 
 
dht DHT; 
#define DHT11_PIN 7 
//  Variables 
const int PulseWire = 0;       // PulseSensor PURPLE WIRE connected to ANALOG PIN 0 
const int LED13 = 13;          // The on-board Arduino LED, close to PIN 13. 
int Threshold = 550;           // Determine which Signal to "count as a beat" and which to ignore. 
int tempPin = A1;                               // Use the "Gettting Started Project" to fine-tune Threshold 
Value beyond default setting. 
int hrvector[] {0,0}; 
int tempvector[] {0,0}; 
float gamma1 = 58.15; 
float gamma2 = 1.75; 
int alpha2 = 1; 
float alpha4 = 9.729; 
int Tc0 = 37; 
float A = 8.07; 
float B = 1730.63; 
float C = 233.43; 
float ddTsdt[3]; 
float ddTcdt[] = {37, 37};  
float hr = 0; 
float tempinitial = 0; 
float m = 0 ;  
float n = 0;  
float HIf = 0;  
float HR0 = 0; 
float Ts0 = 0; 
float Ts = 0; 
int HR = 0; 
float dTs = 0; 
float dHR = 0; 
float Ta = 0; 
float alpha3 = 0; 
float RH = 0; 
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 float Pslog = 0; 
float Ps = 0; 
float Taf = 0; 
float HI = 0; 
float Palog = 0; 
float Pa = 0; 
float Tc = 0; 
float dTc = 0;  
float tempC = 0; 
PulseSensorPlayground pulseSensor;  // Creates an instance of the PulseSensorPlayground 
object called "pulseSensor" 
void setup () 
{  
   Serial.begin(9600);  
pinMode(8, OUTPUT); 
// Configure the PulseSensor object, by assigning our variables to it.  
  pulseSensor.analogInput(PulseWire);  
  pulseSensor.setThreshold(Threshold); 
 // pulseSensor.begin(); 
  
//for (int i=0; i <= 3000; i++){ 
//      int myBPM = pulseSensor.getBeatsPerMinute();  // Calls function on our pulseSensor 
object that returns BPM as an "int". 
//                                               // "myBPM" hold this BPM value now.  
//      hrvector[1] = myBPM; 
//      int m = hrvector[0]+(hrvector[1]-hrvector[0])/(i+1); 
//      hrvector[0] = m; 
// 
//      float tempReading = analogRead(tempPin); 
//       // This is OK 
//      double tempK = log(10000.0 * ((1024.0 / tempReading - 1))); 
//      tempK = 1 / (0.001129148 + (0.000234125 + (0.0000000876741 * tempK * tempK )) * 
tempK );     //  Temp Kelvin 
//      float tempC = tempK - 273.15;         // Convert Kelvin to Celcius 
//      tempvector[1] = tempC; 
//      float n = tempvector[0]+(tempvector[1]-tempvector[0])/(i+1); 
//      tempvector[0] = n; 
//      delay(20); 
//   } 
 hr = hrvector[0]; 
tempinitial = tempvector[0]; 
} 
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 void loop() { 
  // put your main code here, to run repeatedly: 
  int tempReading = analogRead(tempPin); //read skin thermistor resistance 
       // This is OK 
      double tempK = log(10000.0 * ((1024.0 / tempReading - 1))); 
      tempK = 1 / (0.001129148 + (0.000234125 + (0.0000000876741 * tempK * tempK )) * tempK 
);     //  Temp Kelvin 
       tempC = tempK - 273.15;         // Convert Kelvin to Celcius 
 
 HR0 = hr; 
 Ts0 = tempinitial; 
  Ts = tempC; 
   HR = pulseSensor.getBeatsPerMinute(); 
dTs = Ts - Ts0; 
  ddTsdt[0] = dTs; 
   dHR = HR - HR0; 
  
//TIM2_DIS(); //Enable TIMER2 Interrupt 
 int chk = DHT.read11(DHT11_PIN); //read dht11 values 
//TIM2_EN(); //disable timer2 interrupt 
 
 Ta = DHT.temperature; 
 RH = (DHT.humidity)*0.894; 
  
alpha3 = 3.4*((Ts + 273.15) - (Ta +273.15)); 
 Pslog = A - (B/(C-Ts)); 
 Ps = pow(10, Pslog); 
  Taf = Ta*(9/5) + 32; 
 HIf = -42.379 + 2.04901523*Taf + 10.14333127*RH - 0.22475541*Taf*RH - 
0.00683783*sq(Taf) - 0.05481717*sq(RH) + 0.00122874*sq(Taf)*RH + 0.00085282*Taf*sq(RH) 
- 0.00000199*sq(Taf)*sq(RH); 
  HI = HIf*(9/5) + 32; 
  Palog = A - (B/(C-HI)); 
  Pa = pow(10, Palog); 
 
 
  // Mathematical Model 
   Tc = ((ddTsdt[0] - ddTsdt[1]) + alpha3*(Ts - Ta) + alpha4*(Ps - Pa) + gamma2*Ts)/(gamma2); 
   dTc = Tc - Tc0; 
  ddTcdt[1] = dTc; 
if (dHR >= 0) 
{ 
  ddTcdt[0] = ddTcdt[1]-alpha2*dTc+gamma1*dHR-gamma2*(Tc-Ts); 
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 } 
else 
{ 
  ddTcdt[0] = ddTcdt[1]-alpha2*dTc-gamma2*(Tc-Ts); 
} 
 
  ddTsdt[1] = ddTsdt[0]; 
  ddTcdt[0] = ddTcdt[1]; 
if (Tc >= 38.5) 
{ 
  digitalWrite(8, HIGH);   // turn the LED on (HIGH is the voltage level) 
} 
else 
digitalWrite(8,LOW); 
{ 
  
} 
//if (pulseSensor.sawStartOfBeat()) 
{ 
    Serial.print("Core Temperature: "); //Test to see if Tc is reasonable 
  Serial.print(Tc); 
  Serial.println(" C"); 
//  Serial.print("Ambient Temperature: ");  //Test to see if Ta is reasonable 
//  Serial.print(Ta); 
//  Serial.println(" C"); 
//  Serial.print("HR "); //Test to see if HR is reasonable 
//  Serial.print(HR); 
//  Serial.println(" BPM"); 
//  Serial.print("Relative Humidity "); //Test to see if RH is reasonable 
//  Serial.print(RH); 
//  Serial.println(" %"); 
//  Serial.print("Skin Temperature "); //Test to see if Ts is reasonable 
//  Serial.print(Ts); 
//  Serial.println(" C"); 
 
 delay(2000); 
} 
 
} 
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 10.10 Appendix J: Testing Sensor Output Arduino Code 
 
Thermistor Test Code: 
 
int tempPin = A1; 
 
void setup() 
{ 
  Serial.begin(9600); 
} 
void loop() 
{ 
  int tempReading = analogRead(tempPin); 
  // This is OK 
  double tempK = log(10000.0 * ((1024.0 / tempReading - 1))); 
  tempK = 1 / (0.001129148 + (0.000234125 + (0.0000000876741 * tempK * tempK )) * tempK ); 
//  Temp Kelvin 
  float tempC = tempK - 273.15; // Convert Kelvin to Celcius 
  /*  replaced 
float tempVolts = tempReading * 5.0 / 1024.0; 
float tempC = (tempVolts - 0.5) * 10.0; 
float tempF = tempC * 9.0 / 5.0 + 32.0; 
  */ 
  // Display Temperature in C 
 
  Serial.print("Temperature: "); 
  Serial.print(tempC); 
  Serial.println(" C"); 
  delay(500); 
} 
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 DHT Test Code 
#include <dht.h> 
 
dht DHT; 
 
#define DHT11_PIN 7 
 
void setup(){ 
  Serial.begin(9600); 
} 
 
void loop() 
{ 
  int chk = DHT.read11(DHT11_PIN); 
  Serial.print("Temperature = "); 
  Serial.println(DHT.temperature); 
  Serial.print("Humidity = "); 
  Serial.println(DHT.humidity); 
  delay(1000); 
} 
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 LED Output Test Code 
 
void setup() { 
  // put your setup code here, to run once: 
  pinMode(4, OUTPUT) 
} 
 
void loop() { 
  // put your main code here, to run repeatedly: 
{ 
 if ( Tc >= 38.5) 
 { 
 digitalWrite(4, HIGH); // Turn on LED when Tc reaches or is above 38.5 degrees C 
 } 
 
 else 
 { 
 // Continue as normal  
 } 
 
 delay(500); 
} 
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 Pulse Sensor Test Code 
 
/*  Getting_BPM_to_Monitor prints the BPM to the Serial Monitor, using the least lines of code 
and PulseSensor Library. 
 *  Tutorial Webpage: https://pulsesensor.com/pages/getting-advanced 
 * 
--------Use This Sketch To------------------------------------------ 
1) Displays user's live and changing BPM, Beats Per Minute, in Arduino's native Serial Monitor. 
2) Print: "♥  A HeartBeat Happened !" when a beat is detected, live. 
2) Learn about using a PulseSensor Library "Object". 
4) Blinks LED on PIN 13 with user's Heartbeat. 
--------------------------------------------------------------------*/ 
 
#define USE_ARDUINO_INTERRUPTS true    // Set-up low-level interrupts for most acurate 
BPM math. 
#include <PulseSensorPlayground.h>     // Includes the PulseSensorPlayground Library.  
 
//  Variables 
const int PulseWire = 0;       // PulseSensor PURPLE WIRE connected to ANALOG PIN 0 
const int LED13 = 13;          // The on-board Arduino LED, close to PIN 13. 
int Threshold = 550;           // Determine which Signal to "count as a beat" and which to ignore. 
                               // Use the "Gettting Started Project" to fine-tune Threshold Value beyond 
default setting. 
                               // Otherwise leave the default "550" value.  
  
PulseSensorPlayground pulseSensor;  // Creates an instance of the PulseSensorPlayground 
object called "pulseSensor" 
 
 
void setup() {  
 
  Serial.begin(9600);          // For Serial Monitor 
 
  // Configure the PulseSensor object, by assigning our variables to it.  
  pulseSensor.analogInput(PulseWire);  
  pulseSensor.blinkOnPulse(LED13);       //auto-magically blink Arduino's LED with heartbeat. 
  pulseSensor.setThreshold(Threshold);  
 
  // Double-check the "pulseSensor" object was created and "began" seeing a signal.  
   if (pulseSensor.begin()) { 
    Serial.println("We created a pulseSensor Object !");  //This prints one time at Arduino 
power-up,  or on Arduino reset.  
  } 
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 } 
 
 
 
void loop() { 
 
 int myBPM = pulseSensor.getBeatsPerMinute();  // Calls function on our pulseSensor object 
that returns BPM as an "int". 
                                               // "myBPM" hold this BPM value now.  
 
if (pulseSensor.sawStartOfBeat()) {            // Constantly test to see if "a beat happened".  
 Serial.println("♥  A HeartBeat Happened ! "); // If test is "true", print a message "a heartbeat 
happened". 
 Serial.print("BPM: ");                        // Print phrase "BPM: "  
 Serial.println(myBPM);                        // Print the value inside of myBPM.  
} 
 
  delay(20);                    // considered best practice in a simple sketch. 
 
} 
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 10.11 Appendix K: Raw Data 
 
Raw Data (Skin Temperature): 
 
Thermistor (skin temperature) Infrared Thermometer (skin temperature) 
23.67 24.1 
23.67 24.1 
23.58 24 
23.49 23.8 
23.49 23.7 
23.58 23.7 
23.49 23.6 
23.49 23.6 
23.4 23.6 
23.32 23.5 
23.32 23.4 
23.32 23.4 
23.23 23.3 
23.14 23.3 
23.05 23.2 
23.14 23.1 
23.05 23.1 
22.96 23 
22.96 23 
22.87 22.9 
22.87 22.9 
22.79 22.9 
22.79 22.9 
22.79 22.8 
22.7 22.8 
22.79 22.7 
22.7 22.7 
22.61 22.6 
22.61 22.6 
22.61 22.5 
22.52 22.4 
22.43 22.4 
22.43 22.2 
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 22.35 22.3 
22.35 22.3 
22.26 22.2 
10.05 7.4 
10.05 7.5 
10.14 7.5 
10.14 7.7 
10.23 7.8 
10.23 8 
10.14 8 
10.23 8 
10.32 8 
10.42 8.2 
10.42 8.4 
10.51 8.5 
10.6 8.6 
10.6 8.8 
10.6 9 
10.69 9 
10.78 9.1 
10.78 9.2 
10.87 9.2 
10.96 9.3 
11.05 9.4 
11.14 9.5 
11.14 9.6 
11.23 9.6 
11.23 9.6 
11.32 9.7 
11.41 9.8 
11.41 9.9 
11.59 10 
11.59 10 
11.68 10 
11.68 10 
11.77 10 
11.77 10.1 
76 
 11.86 10.1 
11.86 10.1 
34.17 38.2 
33.97 37.8 
34.27 37.6 
34.36 37.3 
33.88 37 
33.78 36.9 
33.78 36.7 
33.59 36.6 
33.49 36.3 
33.2 36 
33.1 35.9 
33.01 35.7 
33.01 35.6 
32.62 35.3 
33.62 35.3 
32.53 35 
32.34 34.7 
32.15 34.7 
31.96 34.7 
31.86 34.5 
31.77 34.4 
31.86 34.3 
31.58 34 
31.2 33.9 
30.92 33.7 
30.92 33.6 
30.83 33.4 
31.11 33.3 
31.01 33.2 
31.01 33.1 
30.92 32.9 
30.73 32.8 
30.64 32.7 
30.64 32.6 
30.45 32.4 
77 
 30.17 32.2 
 
 
Raw Data (Relative Humidity): 
 
DHT11 Humidity WBGT Humidity 
77 63.6 
77 63.7 
77 63.7 
77 63.7 
77 63.8 
77 63.7 
77 63.7 
77 63.5 
77 63.1 
77 62.5 
77 62 
76 61.8 
76 61.6 
76 61.7 
76 62 
76 62.4 
76 63.3 
77 63.9 
77 64 
77 64.8 
78 65.7 
78 66 
79 66 
79 66.4 
79 67.1 
80 67 
80 66.5 
79 65.9 
79 65.4 
79 64.8 
78 64.3 
78 63.4 
78 
 87 64.8 
87 65.1 
87 65.2 
87 65.3 
87 65.8 
88 66.3 
88 66.3 
88 66.2 
88 66.2 
88 66.5 
88 66.8 
88 67 
88 67.3 
88 67.4 
88 67.7 
88 67.9 
88 68.3 
88 68.5 
88 68.8 
88 68.9 
88 69 
88 69.2 
88 69.1 
88 69.6 
88 69.8 
88 69.7 
88 69.6 
88 69.3 
88 69.4 
88 69.8 
88 70 
88 69.9 
88 69.9 
88 69.8 
84 72.5 
84 72.4 
84 72.4 
79 
 84 72.4 
83 72.3 
83 72.2 
83 72.2 
83 72.2 
83 72 
83 72 
83 71.9 
83 71.9 
83 71.8 
83 71.6 
83 71.6 
83 71.6 
83 71.5 
83 71.4 
83 71.3 
83 71.2 
82 71.1 
82 71 
82 70.9 
82 70.9 
93 99.9 
93 99.8 
93 99.4 
93 98.9 
93 98.8 
93 98.5 
93 98.6 
93 98.5 
93 98.5 
93 98.4 
93 98.2 
93 98 
93 97.8 
93 97.7 
93 97.6 
93 97.4 
80 
 93 97.9 
93 97.9 
93 97.8 
93 97.6 
93 97.4 
93 97.3 
93 97.2 
93 97.1 
93 97 
93 96.9 
93 96.8 
93 96.7 
93 96.7 
93 96.6 
93 96.6 
93 96.5 
93 96.5 
93 96.4 
93 96.4 
93 96.4 
55 44 
56 44.1 
56 44.3 
57 44.4 
57 44.4 
57 44.6 
57 44.9 
57 45 
57 45.2 
57 45.4 
58 45.9 
58 46 
59 46.3 
58 46.3 
59 46.8 
60 47.5 
60 47.5 
81 
 60 46.7 
60 45.3 
58 39.9 
56 39.5 
55 39.5 
55 39.6 
55 39.7 
54 39.9 
54 40 
54 40.2 
54 40.2 
53 40.2 
54 40.1 
53 40.1 
53 40.2 
53 40.3 
54 40.5 
54 41 
54 41.2 
78 61.7 
78 61.7 
78 61.6 
78 61.4 
78 61.2 
78 61.4 
78 61.9 
78 62 
78 62.1 
78 62 
78 62 
78 62 
78 62.1 
78 62.2 
78 62.2 
78 62.2 
78 62.4 
79 62.6 
82 
 79 62.6 
79 62.9 
79 63.4 
79 63.5 
79 63.5 
80 63.5 
79 63.2 
79 62.8 
79 62.6 
79 62.5 
79 62.4 
79 62.3 
38 32.5 
38 32.5 
38 32.5 
38 32.5 
38 32.5 
38 32.5 
38 32.4 
38 32.5 
38 32.5 
38 32.6 
38 32.5 
38 32.5 
38 32.5 
38 32.5 
38 32.5 
38 32.5 
38 32.5 
38 32.5 
38 32.5 
39 32.5 
38 32.5 
38 32.5 
39 32.5 
39 32.5 
39 32.5 
83 
 37 32.5 
39 32.5 
39 32.5 
39 32.4 
39 32.4 
39 32.4 
39 32.4 
39 32.4 
39 32.4 
39 32.4 
39 32.4 
48 44.2 
48 44.4 
49 44.5 
49 45.1 
49 45.3 
50 45.4 
50 45.5 
50 45.8 
51 46.3 
51 46.6 
51 47 
50 47.1 
51 47.3 
51 47.8 
52 47.9 
52 47.7 
52 47.6 
53 47.8 
53 48.1 
53 48.3 
54 48.7 
54 48.8 
54 48.8 
54 48.6 
55 48.5 
55 48.5 
84 
 55 48.8 
56 49.2 
56 49.6 
56 49.6 
56 49.7 
56 49.6 
56 49.9 
57 50 
57 49.9 
57 49.8 
51 40.1 
51 40.1 
51 40.2 
51 40.2 
51 40.3 
50 40.4 
50 40.4 
50 40.4 
50 40.5 
50 40.5 
50 40.5 
50 40.4 
50 40.3 
50 40.3 
50 40.3 
50 40.2 
50 40 
50 39.9 
50 39.8 
50 39.8 
50 39.8 
50 39.8 
50 39.8 
50 39.8 
50 39.9 
50 39.9 
50 39.9 
85 
 50 39.9 
50 39.8 
50 39.8 
50 39.8 
50 39.8 
50 39.8 
50 39.9 
50 40 
50 40.1 
 
 
Figure 26: Correlation between DHT11 Humidity and WGBT Humidity 
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 Processed Data (Correction factor applied to DHT11 relative humidity): 
 
 
WBGT Humidity 
Processed DHT11 Humidity (Multiplied each 
value by 0.894) 
63.6 68.838 
63.7 68.838 
63.7 68.838 
63.7 68.838 
63.8 68.838 
63.7 68.838 
63.7 68.838 
63.5 68.838 
63.1 68.838 
62.5 68.838 
62 68.838 
61.8 67.944 
61.6 67.944 
61.7 67.944 
62 67.944 
62.4 67.944 
63.3 67.944 
63.9 68.838 
64 68.838 
64.8 68.838 
65.7 69.732 
66 69.732 
66 70.626 
66.4 70.626 
67.1 70.626 
67 71.52 
66.5 71.52 
65.9 70.626 
65.4 70.626 
64.8 70.626 
64.3 69.732 
63.4 69.732 
87 
 64.8 77.778 
65.1 77.778 
65.2 77.778 
65.3 77.778 
65.8 77.778 
66.3 78.672 
66.3 78.672 
66.2 78.672 
66.2 78.672 
66.5 78.672 
66.8 78.672 
67 78.672 
67.3 78.672 
67.4 78.672 
67.7 78.672 
67.9 78.672 
68.3 78.672 
68.5 78.672 
68.8 78.672 
68.9 78.672 
69 78.672 
69.2 78.672 
69.1 78.672 
69.6 78.672 
69.8 78.672 
69.7 78.672 
69.6 78.672 
69.3 78.672 
69.4 78.672 
69.8 78.672 
70 78.672 
69.9 78.672 
69.9 78.672 
69.8 78.672 
72.5 75.096 
72.4 75.096 
72.4 75.096 
88 
 72.4 75.096 
72.3 74.202 
72.2 74.202 
72.2 74.202 
72.2 74.202 
72 74.202 
72 74.202 
71.9 74.202 
71.9 74.202 
71.8 74.202 
71.6 74.202 
71.6 74.202 
71.6 74.202 
71.5 74.202 
71.4 74.202 
71.3 74.202 
71.2 74.202 
71.1 73.308 
71 73.308 
70.9 73.308 
70.9 73.308 
99.9 83.142 
99.8 83.142 
99.4 83.142 
98.9 83.142 
98.8 83.142 
98.5 83.142 
98.6 83.142 
98.5 83.142 
98.5 83.142 
98.4 83.142 
98.2 83.142 
98 83.142 
97.8 83.142 
97.7 83.142 
97.6 83.142 
97.4 83.142 
89 
 97.9 83.142 
97.9 83.142 
97.8 83.142 
97.6 83.142 
97.4 83.142 
97.3 83.142 
97.2 83.142 
97.1 83.142 
97 83.142 
96.9 83.142 
96.8 83.142 
96.7 83.142 
96.7 83.142 
96.6 83.142 
96.6 83.142 
96.5 83.142 
96.5 83.142 
96.4 83.142 
96.4 83.142 
96.4 83.142 
44 49.17 
44.1 50.064 
44.3 50.064 
44.4 50.958 
44.4 50.958 
44.6 50.958 
44.9 50.958 
45 50.958 
45.2 50.958 
45.4 50.958 
45.9 51.852 
46 51.852 
46.3 52.746 
46.3 51.852 
46.8 52.746 
47.5 53.64 
47.5 53.64 
90 
 46.7 53.64 
45.3 53.64 
39.9 51.852 
39.5 50.064 
39.5 49.17 
39.6 49.17 
39.7 49.17 
39.9 48.276 
40 48.276 
40.2 48.276 
40.2 48.276 
40.2 47.382 
40.1 48.276 
40.1 47.382 
40.2 47.382 
40.3 47.382 
40.5 48.276 
41 48.276 
41.2 48.276 
61.7 69.732 
61.7 69.732 
61.6 69.732 
61.4 69.732 
61.2 69.732 
61.4 69.732 
61.9 69.732 
62 69.732 
62.1 69.732 
62 69.732 
62 69.732 
62 69.732 
62.1 69.732 
62.2 69.732 
62.2 69.732 
62.2 69.732 
62.4 69.732 
62.6 70.626 
91 
 62.6 70.626 
62.9 70.626 
63.4 70.626 
63.5 70.626 
63.5 70.626 
63.5 71.52 
63.2 70.626 
62.8 70.626 
62.6 70.626 
62.5 70.626 
62.4 70.626 
62.3 70.626 
32.5 33.972 
32.5 33.972 
32.5 33.972 
32.5 33.972 
32.5 33.972 
32.5 33.972 
32.4 33.972 
32.5 33.972 
32.5 33.972 
32.6 33.972 
32.5 33.972 
32.5 33.972 
32.5 33.972 
32.5 33.972 
32.5 33.972 
32.5 33.972 
32.5 33.972 
32.5 33.972 
32.5 33.972 
32.5 34.866 
32.5 33.972 
32.5 33.972 
32.5 34.866 
32.5 34.866 
32.5 34.866 
92 
 32.5 33.078 
32.5 34.866 
32.5 34.866 
32.4 34.866 
32.4 34.866 
32.4 34.866 
32.4 34.866 
32.4 34.866 
32.4 34.866 
32.4 34.866 
32.4 34.866 
44.2 42.912 
44.4 42.912 
44.5 43.806 
45.1 43.806 
45.3 43.806 
45.4 44.7 
45.5 44.7 
45.8 44.7 
46.3 45.594 
46.6 45.594 
47 45.594 
47.1 44.7 
47.3 45.594 
47.8 45.594 
47.9 46.488 
47.7 46.488 
47.6 46.488 
47.8 47.382 
48.1 47.382 
48.3 47.382 
48.7 48.276 
48.8 48.276 
48.8 48.276 
48.6 48.276 
48.5 49.17 
48.5 49.17 
93 
 48.8 49.17 
49.2 50.064 
49.6 50.064 
49.6 50.064 
49.7 50.064 
49.6 50.064 
49.9 50.064 
50 50.958 
49.9 50.958 
49.8 50.958 
40.1 45.594 
40.1 45.594 
40.2 45.594 
40.2 45.594 
40.3 45.594 
40.4 44.7 
40.4 44.7 
40.4 44.7 
40.5 44.7 
40.5 44.7 
40.5 44.7 
40.4 44.7 
40.3 44.7 
40.3 44.7 
40.3 44.7 
40.2 44.7 
40 44.7 
39.9 44.7 
39.8 44.7 
39.8 44.7 
39.8 44.7 
39.8 44.7 
39.8 44.7 
39.8 44.7 
39.9 44.7 
39.9 44.7 
39.9 44.7 
94 
 39.9 44.7 
39.8 44.7 
39.8 44.7 
39.8 44.7 
39.8 44.7 
39.8 44.7 
39.9 44.7 
40 44.7 
40.1 44.7 
 
  
Raw Data (Ambient Temperature Test): 
 
DHT11 Ambient Temperature WBGT Ambient Temperature 
17 17.3 
17 17.3 
17 17.2 
17 17.3 
17 17.3 
17 17.4 
17 17.4 
17 17.3 
17 17.3 
17 17.3 
17 17.3 
17 17.3 
17 17.3 
17 17.4 
17 17.4 
17 17.3 
17 17.3 
17 17.3 
17 17.3 
17 17.4 
17 17.3 
17 17.3 
17 17.4 
17 17.3 
95 
 12 11.7 
12 11.6 
12 11.5 
12 11.3 
11 11.3 
11 11.3 
11 10.5 
11 10.6 
11 10.8 
11 10.9 
11 10.9 
11 10.9 
11 10.8 
11 10.8 
11 10.9 
11 11 
11 11.1 
11 11.1 
10 11.1 
10 11 
10 11 
10 10.9 
10 10.9 
10 10.8 
10 10.8 
10 10.7 
10 10.6 
10 10.6 
10 10.4 
10 10.4 
10 10.3 
10 10.2 
10 10.2 
10 10.2 
10 10.1 
9 10 
15 15.2 
96 
 15 15.2 
15 15.3 
15 15.2 
15 15.2 
15 15.2 
15 15.3 
15 15.2 
15 15.2 
15 15.2 
15 15.2 
15 15.2 
15 15.2 
15 15.2 
15 15.2 
15 15.3 
15 15.3 
15 15.3 
15 15.3 
15 15.3 
15 15.3 
15 15.4 
15 15.3 
15 15.4 
15 15.4 
15 15.4 
15 15.4 
15 15.4 
15 15.4 
15 15.3 
15 15.4 
15 15.4 
15 15.6 
15 15.5 
15 15.4 
15 15.6 
17 17.3 
17 17.3 
97 
 17 17.4 
17 17.4 
17 17.4 
17 17.4 
17 17.4 
17 17.5 
17 17.4 
17 17.5 
17 17.5 
17 17.5 
17 17.5 
17 17.5 
17 17.5 
17 17.5 
17 17.4 
17 17.5 
17 17.6 
17 17.6 
17 17.6 
17 17.6 
17 17.6 
17 17.5 
17 17.5 
17 17.6 
17 17.6 
17 17.6 
17 17.6 
17 17.6 
17 17.6 
17 17.6 
17 17.6 
17 17.6 
17 17.6 
17 17.7 
14 14.6 
14 14.6 
14 14.6 
98 
 14 14.7 
14 14.7 
14 14.7 
14 14.7 
14 14.7 
14 14.8 
14 14.8 
14 14.7 
14 14.7 
14 14.7 
14 14.7 
14 14.7 
14 14.7 
14 14.7 
14 14.7 
14 14.7 
14 14.7 
14 14.8 
14 14.8 
14 14.7 
14 14.8 
14 14.8 
14 14.8 
14 14.9 
14 14.9 
14 14.9 
14 14.9 
14 14.9 
14 14.9 
14 14.9 
14 14.9 
14 14.9 
14 14.9 
14 14.9 
14 14.9 
14 14.9 
14 15 
99 
 14 14.9 
14 14.9 
14 14.9 
14 15 
14 15 
14 15 
14 14.9 
14 14.9 
14 15 
14 15 
14 15.1 
14 15.1 
14 14.9 
14 15 
14 15 
14 15.1 
14 15 
14 15 
14 15.1 
14 15.1 
14 14.9 
14 14.9 
21 21.1 
21 21.1 
21 21.1 
21 21.1 
21 21.1 
21 21.1 
21 21 
21 21.1 
21 21 
21 21 
21 21.1 
21 21.1 
21 21 
21 21.1 
21 21 
100 
 21.1 21 
21 21 
21 21.1 
21 21.1 
21 21.1 
21 21 
21 21.1 
21 21.1 
21 21.1 
21 21 
21 21.1 
21 21 
21 20.9 
21 20.9 
21 20.9 
21 21 
21 21.1 
21 21.1 
21 21.1 
21 21.1 
21 21 
16 16.4 
16 16.4 
16 16.5 
16 16.6 
16 16.4 
16 16.5 
16 16.4 
16 16.5 
16 16.5 
16 16.6 
16 16.5 
16 16.4 
16 16.5 
16 16.5 
16 16.4 
16 16.4 
101 
 16 16.5 
16 16.5 
16 16.5 
16 16.5 
16 16.5 
16 16.5 
16 16.5 
16 16.4 
16 16.4 
16 16.4 
16 16.4 
16 16.5 
16 16.4 
16 16.4 
16 16.5 
16 16.6 
16 16.4 
16 16.4 
16 16.4 
16 16.4 
 
Heart Rate Testing Raw Data: 
 
 
Pulse Oximeter HR Pulse Sensor HR 
102 
 106 
104 
96 
92 
95 
95 
89 
89 
92 
95 
97 
97 
94 
95 
96 
96 
96 
97 
95 
95 
93 
94 
98 
100 
101 
102 
100 
101 
100 
99 
102 
103 
104 
103 
100 
99 
99 
103 
102 
104 
90 
88 
94 
96 
98 
100 
99 
96 
118 
101 
90 
86 
84 
128 
113 
103 
100 
121 
104 
116 
107 
120 
106 
108 
102 
121 
99 
105 
102 
126 
151 
170 
122 
128 
111 
100 
101 
103 
115 
113 
100 
111 
101 
118 
92 
112 
87 
102 
95 
98 
108 
148 
132 
98 
103 
 93 
93 
96 
96 
99 
98 
99 
96 
96 
94 
93 
92 
94 
98 
98 
99 
102 
103 
102 
100 
99 
100 
99 
101 
104 
109 
110 
112 
109 
100 
102 
102 
102 
103 
103 
105 
108 
110 
117 
111 
104 
104 
103 
96 
99 
103 
104 
115 
103 
110 
124 
104 
107 
81 
96 
94 
92 
93 
99 
114 
109 
122 
116 
111 
105 
195 
90 
102 
162 
164 
162 
143 
131 
96 
105 
144 
106 
102 
86 
125 
102 
107 
115 
138 
120 
106 
86 
108 
110 
110 
118 
125 
113 
111 
104 
 104 
105 
81 
89 
86 
82 
85 
84 
80 
79 
78 
76 
77 
79 
82 
90 
101 
102 
100 
98 
84 
76 
73 
72 
77 
79 
74 
74 
69 
75 
74 
79 
72 
75 
77 
77 
78 
78 
75 
75 
79 
75 
79 
82 
77 
76 
78 
118 
121 
176 
233 
155 
95 
91 
193 
29 
64 
174 
117 
43 
125 
104 
74 
147 
27 
29 
36 
200 
201 
140 
188 
135 
118 
116 
173 
164 
131 
112 
169 
92 
129 
160 
131 
101 
237 
169 
31 
87 
96 
27 
28 
82 
97 
142 
105 
 79 
82 
78 
82 
79 
78 
82 
80 
83 
85 
88 
88 
84 
88 
83 
83 
83 
85 
83 
83 
81 
80 
84 
79 
76 
82 
76 
81 
83 
83 
81 
84 
76 
79 
80 
76 
75 
80 
79 
84 
82 
84 
81 
81 
83 
88 
91 
155 
150 
171 
160 
153 
30 
54 
229 
229 
174 
30 
37 
80 
154 
89 
134 
30 
27 
64 
174 
232 
112 
31 
85 
169 
154 
149 
216 
177 
31 
27 
52 
98 
170 
155 
186 
163 
29 
27 
117 
160 
28 
39 
229 
160 
204 
118 
106 
 89 
88 
86 
86 
 
 
189 
115 
184 
169 
 
 
Core Body Temperature Testing Raw Data 
 
 
Device (C) Tympanic Thermometer (F) Tympanic Thermometer (C) 
275 
253 
253 
253 
253 
249 
249 
249 
253 
253 
249 
249 
249 
249 
249 
253 
249 
253 
249 
245 
249 
249 
249 
245 
245 
245 
245 
249 
245 
249 
249 
249 
245 
97.9 
98.1 
98.4 
98.5 
98.3 
98.1 
98.2 
98.4 
98.4 
98.2 
98.2 
98.1 
98.1 
98.1 
98.3 
98.0 
98.1 
98.2 
98.3 
98.2 
98.0 
98.1 
98.1 
98.1 
98.1 
97.6 
97.3 
97.5 
98.0 
97.6 
97.7 
98.0 
98.0 
36.6111 
36.7222 
36.8889 
36.9444 
36.8333 
36.7222 
36.7778 
36.8889 
36.8889 
36.7778 
36.7778 
36.7222 
36.7222 
36.7222 
36.8333 
36.6667 
36.7222 
36.7778 
36.8333 
36.7778 
36.6667 
36.7222 
36.7222 
36.7222 
36.7222 
36.4444 
36.2778 
36.3889 
36.6667 
36.4444 
36.5000 
36.6667 
36.6667 
107 
 245 
287 
287 
283 
283 
296 
287 
194 
197 
194 
194 
197 
197 
197 
212 
191 
197 
197 
197 
194 
194 
194 
194 
194 
194 
194 
187 
 
 
98.1 
98.0 
97.7 
98.1 
98.0 
98.0 
98.3 
98.9 
98.8 
98.3 
98.7 
98.6 
98.5 
98.6 
98.1 
98.6 
98.5 
98.8 
99.0 
98.8 
98.8 
99.0 
98.9 
98.8 
98.8 
99.1 
99.1 
 
 
36.7222 
36.6667 
36.5000 
36.7222 
36.6667 
36.6667 
36.8333 
37.1667 
37.1111 
36.8333 
37.0556 
37.0000 
36.9444 
37.0000 
36.7222 
37.0000 
36.9444 
37.1111 
37.2222 
37.1111 
37.1111 
37.2222 
37.1667 
37.1111 
37.1111 
37.2778 
37.2778 
 
 
 
108 
